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Kapdioavanvevoukn Avalwoyé-
vnon ot yoipeio npéwno Kapdia-
Kng Avaxomnng

0. E4vlog, E. Muaoidkou, A. ITanadnpntpiou,
E. Koubouvd, I1. AedéBag, A. ITanadnpntpiou

IIEPIAHWH.

Eicaywyf; H xapSioavanvevouxd avakomr (KA) anotedei tv
méov enefyouoa 1atpiki kardotaon. [1a va anavinBoibv Sidpopa
epwtipara oyeukd pe v KA, ad)d ka1 yia va eqpappoctotv 814
@opa Oepanevukd npwiékorda, mou Ha Arav advvaroe va mpay-
patonoinfovv oe avlpomniva Ovpara KA, éxouv ypnorponomnfei
S1apopeuxd nelpapauxd poviéda.

Zkonég: O okondg tng napovoag pedéug eival n neprypaps wu
neipapauxoy poviédou KA kar kapSioavanvevoukig avalwoyé-
vnong (KAA), ou avarrtiyfnke oto epyaouipié pag.

Yluxd kat MéBoSor: Metd and yopAynon yevikiig avaioOnoiag xai
evbotpayelakig S1aowrivwong ot 20 yoipous, npaypatonoiifn-
KE XE1pouUpyIKA Napaokeun v 8o é0w opayiudov @lefdv kat
g Se€1dg kapwtibag. H nepapauki npéxinon Kothaxiig Map-
papuyrig (KM) npoxAiOnke pe amsi enavagopuldpevn pnatapia
Mbiou, péow SrapAéPiou PnpatoSouxot xkadwSiou, mou tomole-
wiOnxke otn 8e§1d xodia. Ln ouvéyea, epappdotnke 10 npwtdH-
koMo e§e1bikeupévng vnoouipi§ng g (wiig, pe ug véeg kateu-
Ouvtipieg 06nyieg v S1elvav opyaviopdv tou 2005. H ouveyrig
evtauki napaxkorotdnon twv nepapatoldwv ouveyiotnke kal
petd 30 min ané v avdxktnon g avtdpamg Kuklogopiag.
Anotedéopata: An6 ta 20 nerpapatélwa mg perémng wa 9 {da avé-
Ktnoav autépam KukAogpopia pe my e@pappoyni 1ou npotokéidou,
eve ota 11 n eqappoyr tou iS10u npwtokédou KAA Sev firav em-
wyne. Emruyrig avalwoyévnon cuoyetiomke pe ta enineda nicong
mipwong wv otepaviaiov ayyeiwv kar tng PET g, katd m
S1dpxera tov Bwpakikdv oupmiéoewy.

Zupnepdopara: H yprion piag koiviig priatapiag efvar évag amhég
ka1 anoteAeopauxdg tpémog npoéxinong KM. O1 aipoSuvapikég
napdpetpor oto yoipo npocopordlouv avtég tou avbpomou, ka-
O1otdviag éto1 1o (wiké autd eidog karddindo poviého KAA.

Aé€eig evpempiaong: yoipog, e€e1bikeupévn unoouipi&n g (wrig,
kapOlakn avakomnn, kapdioavanvevoukn avalwoyévnon, nieon
mAipwong otepaviaiov ayyelov

Epeuvntikn
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Cardiopulmonary resuscitation in a
swine model of cardiac arrest

Xanthos T., Bassiakou E., Papadimitriou D.,
Koudouna E., Lelovas P, Papadimitriou L.

ABSTRACT.

Introduction: Cardiac arrest (CA) is a daunting medical emergency.
In order to answer various questions regarding CA, and furthermore
to implement novel therapeutic strategies, various animal models
have been used.

Aim: The aim of the present study is to describe the experimental
model of CA and cardiopulmonary resuscitation (CPR), developed
in our department.

Materials and methods: Twenty pigs were anaesthetized and
intubated. The internal jugular veins were surgically prepared,
together with the carotid artery. Ventricular fibrillation (VF) was
induced with an ordinary lithium battery through a pacing wire
inserted into the right ventricle. The animals were resuscitated
with the 2005 advanced life support algorythm (ALS), as proposed
by International organizations. If the animals restored spontaneous
circulation, they were further monitored for 30 minutes.

Results: Nine animals restored spontaneous circulation with the
implementation of the aforementioned protocol. Successful
resuscitation was associated with the coronary perfusion pressure
and PET ¢, during external cardiac compressions.

Conclusions: The use of an ordinary lithium battery is a safe and
efficient way to induce CA. Swine baseline hemodynamics closely
resemble those of human, making the swine model, a favorable
model for experimental CA-induction and CPR.

Key words: swine, ALS, coronary perfusion pressure, cardiac arrest,
cardiopulmonary resuscitation
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1. EIZATQI'H

To 00pata nopdraxnig avoxromis (KA) avépyovion
nepimov og 700.000 emoiwg oty Evpwnn (Sans et al
1997). H »nothon poopaouyri (KM), tou elvon pot o
g Bavarnedpes apubuies, eupavitetal oto 40% twv
Bupdrwv KA »ou ov udveg Bepamevtinéc maoeupdaoeis,
OV TTROTE(VOVTOUL AIT6 TOVS dleBveig opyaviowols, elvon
1 rapdroavamvevotwi] avatwoydvnon (KAA) zow o
amvidopos. H KAA mopéyer oEuydvo ota Twtind 60-
yava, Grog eivar 0 eyrEQalog a1 ®adLd, uExoL T
epapuoyn amvidopov (Kloeck et al 1997).

EEautiog g vymig ovyvotrag g KA »au g
OVAYRNG EPOQUOYNG RAOLEQWUEVWV TOWTOROAWY AV
Cwoydvnong, dnuoveyrdnxrav diebveic opyaviouol,
omwg elvar to Evpmmaind Zvufoiiio Avalmoydvnong
(European Resuscitation Council-ERC) xouw 1 AteBviig
Emrponn Avalwoydvnong (International Liaison
Committee on Resuscitation-ILCOR), ot omotol »a0¢
5 xedvia duoactevouy véeg ratevBuvtiioleg odnyieg,
oL ontoieg Paotovtal o TELRAUATIRES EQEVVES KL KAL-
VIRES UENETEC, EVEATLOTAVTAS VAL PEATLOCOUV TNV EXPaL-
on s KA (Anonymous 2000).

Q¢ KA opiCeton 1 draxomy g »apdamig »ow ava-
IVEVOTIXYC AertovEylag, 1 oola dev cuvodeveTal amd
oVUITTAUOTA 1] OUVOJEVETAL OIS CUUITTAUATAL, TOV
duaprotv AMydtego and 1 dpa (Kuller 1978).

Kabbdg Mydtepo and 5% twv Buudrov KA empuo-
vouv Stav To eL060L0 oVUPET EXTAC voooroueiov, ei-
VL oVOryRa{og O TTELQAUATIONAS YLOL VAL raTavonBotv ot
outieg g %ot vo feATwBolv oL mpotewvoueveg Bega-
mevtinég napeupdoels (Kloeck et al 1997).

H e@opuoyn vedtepmv texvirmy ovolmoyovnong
O TTELQOLUOTLXWV BEQUITEVTIRMDV TQWTORCAAWV OlTTauTel
TV EQOQUOYY OE TELQAUATIXG UOVTEAQ, TTOLY TNV EV-
coudtnon Tovg otg xotevduvioleg odnyieg (Bulger
1987). H Aemtopeons perét mg KA now g KAA amo-
tehel éva nawvotdpo medio €pevvag, Tov uroQel va Pek-
TUWHOEL %OTA oMY TO TEOOdG*LHo Twv Bupdioy KA
(Mamadnuntelov xaw EdvBog 2006).

Z107md¢ TG TOROUVOOS £QYOOlOg elval 1) TEQLYQOYY|
wog erpauatieig uefddov mpdrinons KM ot KAA
o€ 0{pELO LOVTENOD, TO OTTOT0 OTY CUVEYELD. AVaLWOYO-
viiBnxe olpgwva pe tig ratevbuvioreg odnyieg eEet-
durevpuévng vmootiolEne g Cwrc touv 2005
(Anonymous 2005).

2. YAIKA KAI MEGOAOI

Metd and v €yxolon g apuddiag AtetBuvong
ATHVLATOLRAV VTTNEEOLV TS Nouapyiog ABnvayv, pe-
AetOnrav 20 yolpol, uéoov Pdoovg 19+2 kg naw nhi-
xiag 10-15 eBdopddwv, Ghot mpoeyduevoL amd Ty
O Lworopnt] povdda. Ta Tha eyrAlpuoTioT ROy OTIC

1. INTRODUCTION

In Europe, 700,000 people die every year because of
cardiac arrest (CA) (Sans et al 1997). Ventricular
fibrillation (VF), a lethal arrhythmia, is the presenting
rhythm in 40% of the CA victims. The only proposed
therapeutic interventions are cardiopulmonary resusci-
tation (CPR) and defibrillation. CPR provides oxygen
to vital organs, such as the brain and the heart, until the
defibrillator becomes available (Kloeck et al 1997).

The European Resuscitation Council (ERC) and the
International Liaison Committee on Resuscitation
(ILCOR) were founded due to the high incidence of CA.
These organizations publish guidelines on CPR perio-
dically, based on experimental and clinical trials, hoping
to improve the outcome of CA (Anonymous 2000).

CA is defined as the discontinuation of cardiac and
respiratory function, which is not accompanied by
symptoms or is accompanied by symptoms lasting less
than an hour (Kuller 1978).

As less than 5% of CA victims survive out-of-
hospital CA, experimentation is a necessity in order to
comprehend the causes of CA and to improve medical
treatment (Kloeck et al 1997).

Implementation of novel resuscitation techniques
and therapeutic protocols into the international guide-
lines on resuscitation, requires rapid experimental
pursuit (Bulger 1987). Scrutinizing research in CA and
CPR can drastically improve the outcome of CA
(Papadimitriou and Xanthos 2006).

The purpose of the present study is to describe an
experimental method of VF induction in a swine model,
later resuscitated according to the 2005 advanced life
support (ALS) guidelines on resuscitation (Anonymous
2005).

2. MATERIALS AND METHODS

After approval of the experimental protocol, twenty
piglets, all coming from the same breeder, aged 10-15
weeks and with an average weight of 19+2 kg, were
included in the study. The animals were acclimatized
within the conditions of our laboratory for one week
prior to experimentation. During their stay, they were
fed on a standard commercial diet. The animals were
fasted overnight, but access to water was ad libitum.

The animals were premedicated with the use of
intramuscular injection of 10 mg/kg ketamine hydro-
chloride, 0.5mg/kg midazolam and 0.05 mg/kg atropine
sulphate. The marginal auricular vein was then
catheterised. Anaesthesia was induced with an
intravenous bolus dose of propofol (2.0 mg/kg). While
spontaneously breathing, but anaesthetised, the pigs
were intubated with a 4.5 or 5.0 endotracheal tube

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAX 2007, 58(3)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2007, 58(3)



234 0.EANOOL, E. MITAXIAKOY, A. TIATTAAHMHTPIOY, E. KOYAOYNA, IT. AEAOBAY, A. TIATIAAHMHTPIOY

ovvBreg Tov egyaoTnEiov pag yua o efdoudda, oy
tov mewpauatiopd. Kaf” 6hn t dudorera magapoviig
TOUG OTO EQYOOTIIOLO TOEPOVTIAY [LE ULOL TTQOTUITOTOLN -
uévn tooyj. To mponyotuevo Poddu aré To TEoyQau-
uatouévo melpaua, ota Lda dev yoonyritnxe toog,
eva 1 TEOoaon Tovg o xaBaEd vepd tav ehetiBeon.

H mpovdprmon megiehdupoave ty evdopviny yo-
o1fiynon vdpoyrlwourng retouivng 10 mg/kg, wdalohd-
ung 0.5 mg/kg »ow arpomivng 0.05 mg/kg, eved n ewoo-
yoyi g avouwobnoiog €ywve pe mporopdhn (2mg/kg)
evdoplreimg petd and rabeTnoLaond e €Em ataiog
préPag (BD Venflon 20GA 1.26IN 54ml/min). Zt ov-
véyeLa, TooyuoromomOnxe evootoayelaxt] OLaOWA-
vwon (MLT™ 4.5 or 5.0 Oral 27 mm Mallinckrodt
Medical) pe ™ ye1jon Aaguyyooromiov (neydain »vot
Mpa). H owot tomoBétnon »ow otabegomoinon tov
evdotpayelanot coljva emPeforddnre uetd amd
a%EA00N TMV TVEVUOVOV aupoteQdmievga. To Touym-
T6 THE ®EPAAS ®au Tov Bddpaxa Euplotre yio ™V To-
moB€tnon avtordAnTv nhextoodimy xau ta Loha pe-
TAPEQONHRAY OTO YELQOVQY XS TQATETL ROl OXLVITOTTOL-
NONxrav oe vrtia B€omn. Ou xoigol cuvdEBnuay ue tov
avamvevotijpa (ventiPac Sims pneuPac) xou aepiotm-
nav pe piypa O2/aépa (FiO, 21%), o omotog ouOut-
OtN®E pe avamvevotird oyxo 15 mlkg nou avomvev-
oTLrY oVYVOTHTO MOTE TO TEAOERTVEVOTIRG dLoEE(dLO
tov dvBpaxra (PETCO,) (Nihon Kohden Corp) va »u-
naitveton ueta&v 35 ue 40 mmHg. Zto onueio awtd yo-
onyNOnxe pvoydhaon ue cis-Atracurium 0.15 mg/Kg.
T ™) dratonon g avauoBnoiag xoonyrionxe emi-
A€oV ouveyiic otdydny teomopokn 150ug/kg/min, evad
yia avokynota, eeviovioiy 4ug/ke.

‘Ola ta Tho vtav ouvdedepuéva pue monitor
(Mennen Medical, Envoy) a8’ 6An ) dudoxelo tov
TELQAUATOS, 1 TN Yoon Twv amaywyov L, IL 111, aVR,
aVL, aVF yia avdivon tov ®adioxot guBuot o yio
TOQAROAOVONON TG ROEOLAKHS CUYVETHTOGS.

Emuhéov, yonowwomoniOnre un emeupatixy uébo-
d0¢ TapanohoON NG 0EVYOVOUETQIOS TOV EYXREPAELOV
(Somanetics INVOS Cerebral Oximeter, Model SPFB
Pediatric Somasensor SOMANETICS). Ou aiobnmi-
QEC TG EYREQPAMKRNG OEVYOVOUETQTOC TOTOOETHON® OV
oto dépua wov xaAvmTeL ®A0e MUOPaipLo TOu eyxe-
EaAov, AMyo Tdvew amd Tov UETMITLOL0 ROATO TOV YOi-
oov. To wijrog wipuarog pubuiomre cVUPWVO UE TIG
001 Y(eg TOV RATAOREVOOTH YLaL 110N O€ VYLES avBo®-
mvo xpavio. H xotoayoagy twv dedouévawv mpayuoto-
motovtay ®dfe 10 devtepdhemta ®ab’ GAn ™) dudoxreLa
oV TELRANaToc. Xonowwomouinre, T€Aog, Taluiro
0&vueto (SpO,) (Vet/Ox Plus 4700) pe tov awobnripa
ot YAdooo tov dtacminvopuévou Lhov.

Metd ™V amordAvYn %Al TN XELQOVQYIXY| TOQA-

(MLT™ 4.5 or 5.0 Oral 27 mm Mallinckrodt Medical)
with the use of a laryngoscope. Correct placement of the
endotracheal tube was ascertained with auscultation of
both lungs. The tracheal tube was secured onto the
upper jaw; hair was clipped from the ventral thorax to
facilitate the use of self-adhesive electrodes.

The animals were then immobilised in supine
position on the operating table. Additional propofol
1mg/kg, cis-Atracurium 0.15 mg/Kg and Fentanyl 4ug/kg
were administrated immediately before connecting the
animals to the automatic ventilator (ventiPac Sims
pneuPac, Greece) with oxygen (FiO, 21%). Propofol
infusion (0.1 mg/kg/min) and additional doses of cis-
Atracurium followed, in order to maintain adequate
anaesthetic depth. Fentanyl was administered as
required. The animals were ventilated with the aid of a
volume-controlled ventilator and with a total tidal
volume of 15 ml/kg. End-tidal PCO, was monitored
(Nihon Kohden Corp, Greece) and the respiratory
frequency was adjusted to maintain end-tidal P, 35 to
40 mmHg.

Electrocardiographic monitoring (ECG) (Mennen
Medical, Envoy, Greece) was performed using leads I,
I1, III with the use of self-adhesive electrodes, to assess
cardiac rhythm.

In order to continuously and non-invasively detect
changes in cerebral oxygenation, near infrared
spectroscopy (NIRS) was utilized (Somanetics INVOS
Cerebral Oximeter, Model SPFB Pediatric Somasensor
SOMANETICS, Papapostolou, Greece). The optodes
of NIRS were mounted on the intact skin, covering each
cerebral hemisphere slightly anterior to the coronal
suture to avoid the pig’s frontal sinus, as well as the
strong muscular system of the neck. For optimal spatial
resolution, the interoptode distance was set to 5 cm.
The path length was adjusted according to the
manufacturer’s instructions for measurements on an
intact human skull. Data was recorded every 10 seconds
after induction of anaesthesia and the device calculated
the brain regional Oxygen Saturation (rSO,).

Pulse oximeter (Vet/Ox Plus 4700, Greece) was
placed on the tongue of the animal for continuous
monitoring of peripheral oxygen saturation (SpO,).

For measurement of the aortic pressure, a fluid-
filled (model 6523, USCI CR, Bart Inc, Greece) arterial
catheter was inserted into the aorta via the right
common carotid artery. Mean arterial pressure (MAP)
was determined by the electronic integration of the
aortic blood pressure waveform. The right internal
jugular vein was surgically prepared and a Swan-Ganz
catheter (Opticath 5.5 F, 75 cm Abbott, Ethicon
Mersilk™, Greece) was inserted into the right atrium for
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oxevy ™S raEWTdAS, TomoBeTON®e AETNELONES KO-
Bemoas (novtého 6523, USCI CR, Bart Inc) otny »a-
TLOVOO CLOQTY], YLOL TV RATOYQOPY TS OVOTOAMKNG KOl
draotohniic mleong g 00QTig, LEGH TOV monitor
(Mennen Medical, Envoy). H uéon sfeon tg cogtig
raBopildtav nhextpovird. H deEid éom oparyitido gié-
Ba mopaonevdotxre ot robetoLdoTnre e xabeToa
tomov Swan- Ganz (Opticath 5.5 F, 75 cm Abbott,
Ethicon Mersilk™) yia péronon twv méoemv tov deEi-
00 »oAmov. H mieon mhjomong Tmv otepaviaimy oy-
vetov (IIIZA) vohoylotre g 1 drapod netaky
™S OLaoTOMRYG TTlEONE TS COQTHS %L TNS TTLETNS TOV
0eEL0U ®OATTOU. META TN (ELQOVQYIXY] TTOQAOKEUN TS
apLotepns 0w opayitidag, tomrohetOnre Pruatodo-
w6 ®ah@dio (Pacel™; 100cm, St. Jude Medical) oty
%ouet] g OeEudg ®owhiag, 1 emiPePainon g cwotig
T0rt00ETNONG TOV 0700V EYLVE ARTLVOOROTILHA.

21 ovvéyewa, moorhiOnxe KM pe ) yotrjon ura-
taiog MBiov (9V). OLéhot tov rahwdiov fnuatods-
THONGS oVVIEAMKRAY O0TOVC TOAOVS THG UTOTaEiag, 1
ormoia yopnyovoe ouveyég petpa. H dudorera mapoyrig
TOV NAeXTEWOU evpatog fitav 10 sec, xoOvog 1raveg
yia Ty Teoxinon KM. H amtdtoun mrwon g uéong
TLEONS TS COQTHS %O 1) TUTILXT] NAEXTOORAQOLOYQUPL-
%1 ewdva emPePatooay mv appuduio (Ewdva 1). Zto
onueio autd, o uNaviris 0EQLONOS SLORGITHE RO T
Cha maéuevay xmis Begameuting aywyn yuo 8 Aemrtd.
H KAA Eexivnoe ue v egaguoyy Bmoaxindv ov-
UWITLECEMV ROl UNYAVIXOU ALEQLOUOU UE ATUOOQALQLXO
aépa (FiO2 21%) yio 2 hemtd, ¥QGVOS TOU QVTLROTO-
wrowle ™) Paownii vroototEn g tonjg (B-KAA). Ou
BEORIHES CUUTLECELS EQUQUAOTNXROY OTY UECSTNTO
TOV OTEQVOU, CUUPVAL UE TLS LOYVOVOES RATEVOUVTHQLES
odnyleg (Anonymous 2005). H ovyvdmrta tov Bwoort-
%V ovumEoewv Nrav 100/Aentd (ue fabog ovuméoe-
v 3 ue 4 cm xou (00 ¥EOVO CUUTIEONG-ATTOCUUITIEOTC)
1 Tapastdvem, tpoxrelpévou va drotnonbel PETCO, 35-
45 mmHg. AzohovOnoe eEedinevpuévn vTooT ELEN TS
Canjg, 6mov emuyeleOnre amwvidiouds pe 200J povo-
paowo pevpa. Ta nherteddia Tou YeLpoxivTou astL-
vidiotyj (Porta Pak/90-Medical research laboratories
inc.) tomofetiOnrav xdtw o ™ deELd nhelda naw ot
B€on g Ynhdenong g rapdianiic dong. To monitor
mogoxohovOOnre Yoo ahhay€g Tov NAEXRTEOXAQEAL0-
voapuxoy guBpov xat yopnyndnxe oguydvo 100%.

Av 0 ammvidLoUog HTaw aveTTung, oL Bmooantnég
ovumiéoelg ovveyCoviay yua 2 ardpo Aemtd, oL ™
X001 YNon detiteQov amvidLopoy (dLog eVEQYELOS UE TO
TEMTO. e TEQTTMON TTOV RO UTOS O ATTVIOLOUGS TV
AVETLTUYTS, TATE YoENYElTO adpevarivy evOopAEPia
(0,02 mg/kg). H axolovBia Bwooaninav ouuméoemv-
amvidLopot emavoropfavotav 3 @oeéc, poooV To

e

—

i

Ewdva 1. Kothionij paouaouyn oto melQauanixd Rog Totumo
(BP1= ovotohun row diaotoinii stieomn deELod xoAmov,
BP2=0votolx1] vaw dtaotolnii stleon aoptig).

Figure 1. Ventricular fibrillation in our experimental model
(BP1=systolic and diastolic pressure of right atrium,
BP2=systolic and diastolic aortic pressure).

continuous measurement of right atrial pressure.
Conventional external pressure transducers were used
(Abbott Critical Care Systems, Transpac IV, Greece).
CPP was electronically calculated as the difference
between minimal aortic diastolic pressure and the
simultaneously measured right atrial diastolic pressure.
The left internal jugular vein was also surgically
prepared and a 5F flow-directed pacing catheter
(Pacel™; 100cm, St. Jude Medical, Greece) was
advanced into the apex of the right ventricle.
Confirmation of correct placement was achieved by
fluoroscopic imaging.

VF was induced with a 9V ordinary lithium battery.
Arrhythmia was confirmed electrocardiographically and
with a sudden drop in MAP (Figure 1). After induction
of VF, mechanical ventilation was stopped. The animals
were left untreated for 8 minutes. Resuscitation proce-
dures started with precordial compressions and inspired
oxygen concentration 21% for 2 min representing basic
life support (BLS) interventions. Compressions were
maintained at a rate of 100/min with equal compres-
sion— relaxation duration, in order to maintain end-
tidal P, between 35-45 mmHg. Compression depth
was maintained at 3-4 cm. After 2 minutes of precordial
compression, defibrillation was attempted with a 200J
monophasic waveform shock delivered between the
right infraclavicular area and the cardiac apex (Porta
Pak/90-Medical research laboratories inc., Greece). The
ECG monitor was then observed for any changes in the
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Tddo dev avartoioe auTOuaTH #KURAOPOQIL.

Qc teMxd onuelo Tov TELRANATOS 0QloTn®e elTe 1)
oovotola elte 1 AVARTNON TS AVTOUOTHG RURAOQO-
otag eite 1 KM petd tov 10ito amotuynuévo ammvidiouo.
Ta Ldha wov avalmoyoviifnray emTuydg TaQuroAov-
0MOnrav yio 30 AemTA %ol 0T CUVEYELD OXOAOVONOE
evBavaoio pe evoopréPra xopriynon drahiuarog Beo-
wevtding (2 g) (Ewodva 2). Ze ndbe Lo mpayuatomol-
NONxre vergotouy xaw TaL SQyava Tov Boooxra »at g
1OWMAG EEETAOTNHOV Y10 OTTOLOONTTOTE VITORETUEV] TTCL-
Boloyio 1 Yoo PAAPT, TOU TEOERMPE ATTS TLS TEOOTTA-
BeLec avalwoyovnong.

Ou petpnoels avapépovtal wg LEon Ty * otode-
o1 anéxhon (SD). Ou ovyrpioels peta&l TV petem-
GEMV Y10l TO (010 Tho 0TO YOGVO KA OL dLAPORES UETOL-
EU TV LoV, TOU aVEXTNOAY AUTOUOTY ®UXAOQOoQia
AOL QUTAV TTOV eV avEXRTNOAV, ovoliBnxay pe T ué-
08000 twv molhamAdv petonoewv ANOVA. Tt p
<0,05 OemENON®E OTATLOTLRMOG ONUAVTLXT].

3. AIIOTEAEXMATA

Emipioon. Evvéa and ta 20 Lda (45%) avéxmooav
oautduarty rurhogopia. Téooepa toa (20%) avalmo-
yoviOnrav pe emituyio LETA TOV TEWTO amvidLond, 3
Coa (15%) petd tov devtepo amvidond zow 2 (10%)
Lo petd tov TolTo amvidLous.

Ayrodvvapxrt] magaxorovOnon. OL aywég awo-
SUVaIKES TTOQAUETOOL TV YOIDWV TOLV TNV TEGRANO
KM napovowdCovral otov Ilivara 1. Aev mopatnot-
OMrav OTOTIOTIRMS ONUAVTIRES OLAPOQES TV UETQOV-
UEVV TAQOUETOMY PETAED TV LdwY, TOv avExTnoay
QUTORATY KURAOPOQIDL %Ol OUTAY TTOV OV avalwoyo-
vinrav emtvyde (Mlivaxog 2). [ow v wedxinon
KM, n péon mieon aoptig (MITA) »uudvOnre uetogd
82 ue 93 mmHg. Kard m dudoreia g B-KAA, n MITA
frav 32,23+3,12 mmHg ota Loha mov emPinoav, ahhd
uévo 22,12+4,46 mmHg ota Toa mov dev avéxrtnoov
avtépoty ruxriogopia (p<0.05). H draniduavon g
MIIZA twv Ldmv, oV avEXTNoay QUTOUATH ®VRAOQO-
ola, patvetor otyv Ewdva 3. H IITIZA pewddnxe doa-
potwrd xow ®opdvinre omd 0-4 mmHg zatd ™) dudp-
relo tov 8 Aemtayv abepdmevtng KM. Katd v egap-
woyn B-KAA, n IIIIEA avEnbnxre €ng 24+2 mmHg
xna TeQATéQm €mg 32+3 mmHg »atd ™) dudoxela g
eEedurevpuévng vrrootioEng g Corjc (p<0.05). H
[ITXA mov emitevyOn®e ue TV eouoyy Bwoartrdv
OVWIILETE WV, ®oTd T Oudorela TG eEedinevuévng vimo-
otieLEng g Cmnig, Nrav 33,85+0,82 mmHg yio ta Ldha
mov avatmoyoviBnrayv pe emruyio xou 30,23+0,96
mmHg v ta Lda mov dev avéntnoav avtdpaty ®u-
xnhogogla, (p<0.05) émwg palvetanr oty Ewdva 4.

To PETCO, peicdynre onuavird now xowd t Oudo-

Napaokeun ayysiov
Apxikég MeTpRosig

KM aBepaneurn yia 8 Aenta

B-KAA yia 2 Aenta

Amvidiopog (2001) ‘

e

KM AcuoToAia Avakrnon auréparng
kukAopopiag
"
TeAiko MapakoAouBnon
ongeio yia 30 Aenta

EuBavaoia

Ewdva 2. ITewpapatind mowtéroldo.
Figure 2. Experimental protocol.

rhythm and 100% oxygen was administered,
representing ALS interventions.

In case of failure to convert to a cardiac thythm com-
patible with pulse, precordial compression was resumed
for 2 minutes before delivery of a second shock. If this
defibrillation attempt was unsuccessful, adrenaline (0,02
mg/kg) was administered. The sequence of precordial
compression, followed by a single shock of 200J, was
repeated for maximum of 3 times.

Endpoints of the experiment were defined as either
asystole or return of spontaneous circulation (ROSC) or
VF after 3 unsuccessful defibrillation attempts. The
animals restoring spontaneous circulation were
monitored for 30 minutes, while anaesthesia was
maintained. All animals were euthanized by intravenous
overdose of thiopental (2 gr) (Figure 2). Necropsy was
routinely performed after death. Thoracic and
abdominal organs were examined for gross evidence of
traumatic injuries due to surgical or resuscitation efforts
and any underlying pathology.

Data is expressed as mean=* standard deviation
(S.D.) for continuous variables. Comparisons between
time-based measurements on the same animals and
differences between resuscitated and non-resuscitated
animals were analysed with analysis of variance
(ANOVA) multiple measurements. A P value of 0.05
was considered statistically significant.
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Ilivaxag 1. Agy#€s peTONOELS TAQUUETQOV
Méon Ty = Xrabepn] Anorhon (SD=otadep] amoxiion)

Table 1. Baseline measurements of variables

Méon Ty = Xrabepn Anoxhon (SD=otadep1 amoxiion)

Iogdpetoor T (SD) Variable Value(SD)
Kapduani Zvyvdmro (bpm) 115,28 = 7,11 Heart rate (bpm) 115,28 = 7,11
Zvotolx mieon aoptig (mmHg) 109,54 = 15,37 Systolic Aortic Pressure (mmHg) 109,54 + 15,37
Awaotohx tteon aoptc (mmHg) 76,89 = 16,58 Diastolic Aortic Pressure (mmHg) 76,89 = 16,58
Zvorohx ITteon deELov xdhmov (mmHg) 11,53 + 2,34 Systolic Right Atrial Pressure (mmHg) 11,53 + 2,34
Avaotohx Iieon deElot xSAmov (mmHg) 436 1,54 Diastolic Right Atrial Pressure (mmHg) 436 = 1,54
Mo o5vpetoio (% ) 95,05 = 1,67 Pulse Oximetry (% ) 95,05 = 1,67
Eynrepaini oEvpetoia (%) 63,32 = 4,02 Cerebral Oximetry (%) 63,32 = 4,02

Ilivaxag 2. AQYI#€g NETONOELS TUQUUETOWV RETAED TOV GAHMV OV AVEXTNGAY CVTORATT] XUXAOQPOQIO XOL GUTAV TTOV OEV UVEXTI)-
ooV, ®oL 1 0TATLOTLXY TOVS onpaviwotnta (Méon Ty = Xraber Anoxiion).
(PETCO, = tehogxmvevotind dLoEeidto tov avipana, 1SO, = TeQLoYIRGS ROPEOUGS CLULOOPALOIVIG OE OEUYGVO OTOV EYREQPUAO,

SpO, = meQLPEQLHAS ROQEOTUGS AUOTPALivNGS, NS=un otatiot

A ONUAVTLRO)

Aoyég Iogauetgor

Iopdpetgog Emruyis Avatwoydvnon Avemruyric Avaimoydvinon p

Bdpog (kg) 20,64%2,52 19,93+3,65 NS
Zvortolx [Mieon Aoptig (mmHg) 106,78 +5,12 108,56 =4,36 NS
Awaotohx ITteon Aoptic (mmHg) 74,29+3,36 73,81+4,09 NS
Iieon ITMpowong Zrepaviaiwy Ayyelowv (mmHg) 57,72+6,56 59,45+7,81 NS
PETCO2 (mmHg) 31,52+3,45 32,29+373 NS
1SO2 (%) 65,38+2,47 64,12+2.95 NS
SpO2 (%) 94,78+2,32 95,42+1,87 NS

Table 2. Baseline measurements of variables between animals that were successfully resuscitated and those that were not, and

their statistical significance.

(PETCO, = end-tidal carbon dioxide, rSO, = brain regional oxygen saturation, SpO,= peripheral tissue oxygenation, NS=non

significant)
Baseline Variables

Iopdpetgog Emruyis Avatwoydvnon Avemruyric Avaimoydvinon p
Bdpog (kg) 20,64%2,52 19,93+3,65 NS
Zvortolx [Mieon Aoptig (mmHg) 106,78 +5,12 108,56 =4,36 NS
Awaotohx ITteon Aoptic (mmHg) 74,29+3,36 73,81+4,09 NS
Iieon ITMpowong Zrepaviaiwy Ayyelowv (mmHg) 57,72+6,56 59,45+7,81 NS
PETCO2 (mmHg) 31,52+3,45 32,29+373 NS
1SO2 (%) 65,38+2,47 64,12+2.95 NS
SpO2 (%) 94,78+2,32 95,42+1,87 NS

%ewa Tov 8ov Aerttov KM €graoce oto 0,6 mmHg. Katd
™ dudoreto s B-KAA 10 PETCO, avgiifnre o 13+4
mmHg ota {da wov avéxmoay autdpoty ®urhogo-
pia, alld ota Lo wov dev avalmoyoviidnxay ue em-
tuyla, n T tov frav 4+2 mmHg (p<0.05). Agv mo-
patnErBnre roulon dAAN otaToTds onuovtinyg do-
©OoQEJ. PeTAED TmV VITGAOWTMY HETOPANTWY ot Lda TTov
OVEXTNOAY QUTOUOTY RURAOQOQIOL RO O QT TTOU OVOL-
CooyoviiOnxay avemTuy®s.

3. RESULTS

Survival. Nine out of 20 animals restored

spontaneous circulation. Four animals were successfully
resuscitated after the first defibrillation attempt, 3
animals after the second and 2 animals after the third.

Haemodynamic Measurements. Baseline haemo-
dynamics are depicted in Table 1. There was no
statistical significant difference in the baseline haemo-
dynamic measurements between resuscitated and non-
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Ewdva 3. Avaxipovon mg wieong mhjpmong otepaviaimv ayyetmv (IIIZA) og emvtuyi xow avemmuyy avalwoydvnon.

Figure 3. Fluctuation of coronary perfusion pressure (CPP) in successful and non successtul resuscitation.

Ilegiodog petd tnv avaiwoydvnon. e 6ha ta Loa,
TTOU OVEXTNOOV CUTOUATY KURAOPOQIOL, ROTOYQAPNHOV
duapopes appubuies. "Eva Lo magovoiaoe emelod-
dro epuévovoag KM, to omolo avardybnxe pe mepot-
téom amwvidiond (200 J). Tola axdua Loa mapovotio-
oav emeloo0La koLtarng Toyuradiag, Xwlg TTdon
™ MIITA, ta omota avordyOnroy pe emTuyio uetd tyv
evdoiéfia xoorynon auwwdaovns (5 mg/kg oe 20
Aemrd). Téhog, Eva andua Lo mapovoiaoe ToAbpoQ-
N rothoxn taxuradia (torsades de pointes), to omoio
OVTLUETMTIOTNRE UE EVOOPAEPLaL OO YNON moryvioiov.
‘Oha tar oo Tapovoiaoay emeloddLa VITEQROLMARTS
Tauradiag, To omoio avatdytnray avTéuoTo uEoa
ota TEATA 3 AeTTA 0TS TOV ETLTUYY ATTVIOLOUO.

Nexgorour). H vexpotour| dev ammoxdiupe wordy-
woto 0to Bwearind ®hwpPs, oNEN neydhmy ayyeimy oto
Bdpana naw 0Ty ®otMd, xat dev wopartnednxe E1EN
fatog 1 omhnvog amtd Tig TEOooTAfELES avalwoydvy-

resuscitated animals (Table 2). Before VF induction,
mean arterial pressure (MAP) ranged from 82 to 93
mmHg. During BLS interventions, MAP was 32,23+3,12
mmHg in survivors, but only 22,12+4,46 mmHg in non-
survivors (p<0.05). Figure 3 elucidates CPP fluctuation
in animals restoring spontaneous circulation. CPP
declined rapidly and was 0-4 mmHg during the 8 min of
untreated VF. During the BLS period, CPP rose up to
24+2 mmHg and this rise was further attenuated in the
ALS period (32+3 mmHg) (p<0.05). CPP, achieved
with precordial compression, during ALS was
33,85+0,82 mmHg for survivors and 30,23 +0,96 mmHg
for non-survivors (p<0.05) (Figure 4).

PETCO, decreased significantly reaching 0,6 mmHg
after 8 min of untreated VF. During BLS, PETCO,
rose to 13+4 mmHg in successfully resuscitated
animals, but only to 4+2 mmHg in unsuccessfully
resuscitated animals (p<0.05). No other difference was
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ong. IMapdha avtd, d6o Lda, mou dev avéxtnoay avtd-
noty ®urhogoia, Taovoiocoy OAAoYN OTO TVEVUOVL-
%10 TOQEYYVUOL.

4. XYYZHTHXH

To melpapatind avTo TEWTOROAO OYEOLAOTNRE YLOL
VO TTQOCOUOLACEL TIG TEOYUOTIRES ouvOireg KA nou
KAA otov avBpwmo. H KM eival n ovyvdtepn Bava-
™MEopos appubuia oe Bbpata eEmvooorouetaxic KA
(Rea et al 2004) (Waalewijn et al 1998).

O u€oog xod6vog dpLeEng eEeldirevEVoOU TEOCWITL-
%00 aIT6 TO OUGTNUOL ETEYOVOOS LATOIXIS (POOVTIOAC
mouriAheL, aAMG O TOdERTAS YOOVOS YLOL T EVQMITALIRA
mdtura dev mEEnel vo Eemevd T 8 hemtd (Anony-
mous 2000). Autd 10 TELQOUATIXG LOVTEAO TTQOOOUOL-
ate weprotatnd 8 Aemtdyv KA, oto omolo epaoudotn-
ze B-KAA o6 mapareinevo duaodot, row Ty dplen
eEedumevpévng Poribelag, mov epdouooe TEWTGROAO
eEedurevpuévng vroototEng e Cotis (Anonymous
2005).

H emhoyr] tov Cowxov wpotimov yia thv €Qeuva TG
KAA givar éva amd ta ®0oLo TooPAUOTO TOU EQEVVY-
™). [ToAAEg petaPpintég mpémel va AnpBotv vrdym xa-
T4 10 OoYedaoud melpapatwot woviéhov KAA. Sy
€ogvva yio ) pehétn g KAA €xovv yonowwomownBel
a7eTd Cowrd modtuma. Kdabe Conrd mpdtumo Ba meé-
JEL VO AVATTOQAYEL TN VOOO Ue aEomotia, va elval gv-
%oha SLaBEoLo OTa EQEVVITLRA KEVTQQL, VAL EIVOL CLOPOL-
A€ %OTA TOUC YELOLOUOTS TMV EQEVVNTAIV AL VAL UETOL-
pépetan etroia (Aovtd 1994). Zm fifioyoapio €xovv
xonowwomownBel wg mpdtuma KAA dudpoga &0 Chwv,
OmMWG 0 UUS, O ETMCUVS, TO TQWKRTIKA, TO ALYSHOQPAL, TCL
Cia ouvTEOPLdS, 0 X0lp0g o Ta TEwTEoVTa (AgASog
zat ouvv.2006). O yolpog, TaEOAM aUTA, YONOLUOTOLE(-
Tou ouyvateea. OL AGyoL yia Tovg omoiovg cupPaivel ou-
T6 gival owridot. O y0ipog mEooouoldlel otov dv-
Bowmo wg mEOg TV avatouia g xaEdLde, TV TOTo-
yoogia Twv otegaviaiwv ayyelnv, T Aertoveyia Twv
XOLALMV ROL TOV TOOTO AVATTTUEN S TOU ROQOLOLYYELOKOU
ovotjuorog (Hughes 1986).

Emuthéov, 1 1otohoyni] doprj touv puoxradiov &i-
VO TTOQOUOL0L 0TO X0{po ot atov dvBommo (Hubert et
al 2003).Metd and mpdxinon woyouniag, N proynuixn
%O LETABOMKRY AVTOTTOXQLOY TOU HUOKROQEITOU TOV YOi-
pov givou apduoLa we exeivy tov avBowmov (Weaver
et al 1986) (White et al 1992). T€hog, 1 nopdiaxy ov-
VOt 08 nEeeuia 0to ¥olpo TEocoUoLdteL (e aUTiHV
Tov avOEWTOU, 0t avtiBeon ue To pu o omolog €L Ov-
X VOTNTO TOUTAGOLY ATtd CUTHY TOU avOOMITOU ROl 1] OLvE-
€010t mepiodog tov eldovg elvan eEapeTind wren
(Kofler et al 2004) (Wessels and Sedmera 2003). Extdg
oo TLG OVOTOWXES ROL PUOLOLOYLRES OUOLOTNTES, OL
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Figure 4. Coronary perfusion pressure (CPP) in successful and
non successful resuscitation.

observed in any other measured parameter between
the successfully and unsuccessfully resuscitated animals.

Post-resuscitation period. Various arrhythmias
were recorded in all successfully resuscitated animals.
One animal had an episode of recurrent VF requiring
one further defibrillation attempt (200 J). Three more
animals developed episodes of ventricular tachycardia,
without a significant drop in the MAP. These animals
were successfully cardioverted with the use of IV
Amiodarone (5 mg/kg in 20 min). Finally, one animal
developed torsades de pointes and was successfully
treated with IV magnesium. All animals developed
episodes of supraventricular tachycardia, spontaneously
reverted to normal sinus rhythm within the first 3 min
of the successful defibrillation attempt.

Necropsy. Routine necrotomy did not reveal
thoracic bone fractures, large vessel rupture. No
evidence of liver or spleen rupture was recorded. Two
animals, which did not regain spontaneous circulation,
developed lung contusion, possibly due to aggressive
resuscitation efforts.

4. DISCUSSION

This experimental protocol was designed to simulate
the circumstances of CA and CPR in humans. VF is the
commonest lethal arrhythmia in out-of-hospital CA
(Rea et al 2004) (Waalewijn et al 1998).

The mean average time of specialized help varies in
the different countries, however, the accepted time for
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yoilpoL amatotv Aydteen avBodmivy @ooviida, eva
TAVTOYQOVO OL EQEVVNTES OITOAEXOVTOL TEQLOOGTEQO
YUYoAOYLRA TOVS TTELQARATIONOUS 0TO €(dog auTtd
(White 1996).

Kartd to mapeh8dv, €xovv pueketnOel dudpooeg at-
noduvaunég uetafANTég wov Ba uroovoay Vo amo-
tehOUV aveEAQTNTOVS TEOYVWOTIROUS OEIRTES YL TV
avdxrmon g avtopotng xurhogopiag. H ITIEA gai-
veTou Ot eival 0 évog alnBivag TEoyvwoTirdg ToQd-
YOVTOS YLOL THY QVARTN O TS OQUTGUOTNG ®URAOQOQTaS
(Wenzel et al 1999). H IIIIXA, 1 omola etvon vitetOv-
V1] YL TV CLptdtmot Tov puoxodiou, avuEdveTal ®otd
™ dudoxrela Twv Bwpaxrindv cvpmiéoswv (Paradis et al
1990). H avaxton g autépotng »uxhopoolog ®oL 1
emPlwon petd oo emeoddo KA €yel ovoyetiorel pe
twég [IZXA>15mmHg yia toug avBowmovg (Paradis et
al 1990) »aw >25 mmHg yia ta. Cda (Kern et al 1988).

“ExeL anodeiyBel, emuthéov, Gt 1 duaxomi g -
UWATmOoNg ToU pUoradiov, ®aTd T dLdoxELd THS OVOL-
207G, axorovBeital amd woyouxt PAARN row duohet-
TovEyia Tov poxaediov uetd v avalmoysvnon, o
pdyovteg, oL omolol gvfuvovtan yia THV VPN Bvnto-
mro petd and enelo6dio KA (Sun et al 1999).

H adpevalivy elvar 1o gpdouaxo exhoyric g KA,
olpgava ue Tig xatevbuvtioleg odnyieg avalwoydvn-
ong e Auepwavinng Kapdiohoywic Etaupeiog o to
1973. “EyeL amodewyBel docoeEaptduevny avEnon g
0QTNOLOXIE TTEONS ROL THS OLUATLXHS QOYS OTO Wuo-
%©A0L0 %aw otov eyxépalo oe d6on amté 0,045 €wg 0,2
mg/kg (Brown et al 1988). O unyaviouds pe tov omoio
N adeevarivy avEdvel v IIZA eivow péom ovotn-
UOLTLRG TTEQUPEQLKIIS OLYYELOOVOTTOONGC, 1] OTTolaL dLarth-
o€l ToV TEQUPEQLRS TAVO TV ayYelwV, ATOTEETOVIOS
™V ayyslomy xordooupn. Avti n dpdon elvar avoryraio
v T OatiiENnon eT0ERoUE QOYS ALiLOTOg OTaL OTEQOL-
viabo ayyelo now oto ayyelo tov eyrepdhov (Varon et
al 1998). ITapdha avtd, 1 evegyeTint} dpdon g ade-
vohivng oe oxéon ue xopynon placebo dev €xeL amo-
deuyBel oe naula xhvizy uehém (Zhong et al 2005).

Avotuydg, n adgevalivy €xer avembiunteg dd-
O€LG, OL 0TTO(EC WTOEE( VO ATTOPOUV RATAOTQOPIRES VLA
TO PVoxdEoLo. Avtég ol avemBiuntes 0pdoeLs TG
€xouv ovoyetiotel pe ™ P-adpevepyrniy dpdon g
adpevalivng, 1 oroio teoxralel alEnon oty ratavd-
Moot 0Euydvou amtd to puoxdedlo xat duoAertovgyia
Tov pvoradiov uetd vy avalmoydvnon (Ditchey et al
1988) (Ditchey et al 1994). Etvou, exiong, yvootd étm
adpevolivy avEdvel Tig apovbuies, Tov TEOEpYoVTaL
ortd Vv #othia, ™) cofapdtnra T SuohertovEyiag Tov
woxaEdiov peTd TV avalmoydvnon %KoL UELDVEL T
dudrera g emPloong, Tovhdylotov og Lowmd TedTy-
7ol Av %o VTdEyYouv apxetég evoeiEelg 6L 1 adoeva-

most European countries should not be more than 8
min (Anonymous 2000). This experimental model was
designed to simulate an incidence of 8 min CA, in which
BLS was provided by an experienced BLS provider, and
the arrival of specialized help in treating the victim
according to the ALS guidelines on CPR (Anonymous
2005).

Choosing an animal model for CPR research is one
of the main problems the researcher has to face. Many
variables should be taken into account in order to
successfully design a CA and CPR model. In CPR
research many animal models have been used. Each
animal model should reproduce the pathological
situation reliably, be readily available in experimen-
tation centres, be safe during manipulation and be easily
transported (Dontas I 1994). In the literature search
various animals have been used as CA models. These
include mice, rats, rodents, rabbits, cats, dogs, pigs and
primates (Lelovas et al 2006). The swine model is more
commonly used. There are several reasons for this.
Swine cardiac anatomy and physiology closely resemble
humans, as its coronary arteries have only a few lateral
epicardial anastomoses (Hughes 1986).

Furthermore, myocardial histology is similar in swine
and humans (Hubert et al 2003). In addition, after
induction of myocardial ischaemia, the porcine myo-
cardium responds biochemically and metabolically in
the same way as the human heart (Weaver et al 1986)
(White et al 1992). The swine model has a resting heart
rate which averages that of the human, whereas, the
mouse model has a high resting heart rate that approxi-
mates 500bpm and its refractory period is extremely
short (Kofler et al 2004) (Wessels and Sedmera 2003).
Furthermore, pigs require less human care and resear-
chers find experimentation on the species more accep-
table (White 1996).

In the past many haemodynamic variables had been
extensively investigated as independent predictors for
ROSC. CPP appears to be the only prognostic factor for
ROSC (Wenzel et al 1999). CPP, the pressure respon-
sible for supplying the myocardium with oxygen, is
significantly increased during precordial compressions
(Paradis et al 1990). ROSC and survival after CA have
been associated with CPP >15mmHg for humans
(Paradis et al 1990) and >25 mmHg for animals (Kern
et al 1988).

It has been shown that the prolonged failure of
myocardial perfusion during cardiac arrest is followed
by global myocardial ischaemic injury and post-
resuscitation myocardial dysfunction, which accounts
for the fatal progression after successful resuscitation
(Sun et al 1999).
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Av) avEdver To TOO0O0TS AVARTONG QUTOUOTNG KU-
rhogoplag, dev vitdgyovy evdeiEelg dtL PehTudvel ov-
volwrd Ty emipiowon (Tang et al 1995).

Tivetow, BEPana, »OTOVONTS GTL OL TQAYUATIRES OUV-
Brineg KA otov dvBowio eivan eEapetind diororo va
mpooouolwBovv, xabmg 1 otegaviaic véoog duadoa-
wotiCel ok onuavtrd QGAO 0TO UETUPOMONS TOU Huo-
70dtov (Escobedo and Zack 1996). TV avtdv to Aéyo
€xovv avamtuyBel didpopol TpdmoL mpdrAnong KM.
Kdsowor amtd avrofl elvan xopiynon yrworotyov xaiiov,
duadepurt] Pnuaroddton, commotio cordis (Link et
al 1998) »nou eminddia fuatoddtnon ue ) xoron pn-
natodotrot rahmdiov dapéoov nevipurng @AEfac.
To Pnuatodotind xakwdio €xel yonowporombet ov-
¥xvotea yio v mpdxinon KA. Zm Bipioyoapio ard
TG 76 TELQAUOTIRES EQYOOTES OTNY TTEorANoN KM, 01 52
Eywvav pe ™ uéBodo emnddiag fyuaroddmone. o
™V meoxinon KA, ne m uébodo g dradeouniis pn-
HatodGTNONG e X101 EEMTEQLROT aTtvIdLOTI ROw UE T
uéBodo commotio cordis, elval amoQAliTNTOC 0 OLVYYQO-
VIOWAS TOU YELQOXIVNTOU avidLOTY (LE TO NAEXRTQO-
20dLoypdenua Tov Lowxov meotimov, ®abws 1 TE6-
xinon KA eEaptdtar and to gaiwvéuevo R-on-T
(Herweling et al 2005) (Link et al 2003). IToonyotpeveg
ueréteg avapéouv Gt ov dLdpoEoL PN avIouol To-
zinong KM €yovv g amotéheoua v mpdxinon KM
ue dLapoETIROUE NAERTOOPUTLOAOYIROUS UNYAVIOUOUS
(Shibata et al 1988) (Chen et al 1988). AhAwote, 1) TE0-
xhnon KM pe ™ uébodo éxtaxtwv epeBopdtov €xet
omodobel oe unyovioud eavelsédov(Chen et al 1988)
(Bhandari et al 1998).

I ewpaporini tpdxrinon KA €youvv yonowormot-
N0l dudpoec NAERTOKES OVOKEVEC, OL OTTOTES UTOQEL
VoL AeLTouQYOoUV pe evarlhoxrting 1) ouveyEg oevua (Bayly
et al 1993) (Studer et al 2002).ITapdha avtd, avTég oL
ouoreVES Ba wroEovoay va. eAAOYEVOUV HVOUVOUC YLl
TOVG EQEVVITES, OV %aL OEV €XOUV RATAYQOPET CTUYY -
HOToL NAEXTQOTTANELOLS 0Tt TTOQOUOLES TTELQUUOTIRES UE-
Aétec. H nown umatapio MBlov galvetalr va elvou
aoQaAéotepn ®ou oAU ammotedeouatiny uéBodog md-
ninong KA. O unyovioudg pe Tov omoio tQoraieital v
KM, yonowomoldvtag v ®owi urataia Abiov, el-
VoL TAQGUOLOS e TN X0E1ynom xouniig evégystag T
®Oparog shock pe Nhertourd peliua. Ao To PEXOL TM-
oo dedouéva, dev €xouv yivel melpduata TEORANONG
KM pe ®owij emavagpootilouevn urotagio Abiov.

5. LYMIIEPAXMATA

O yolpog elvor €va TOAG RATAMNAO TELQOUATIRG
EdTVTO PELETHS Tov emelcodiov KA xal g dueong
OVTLUETAOTLONG TOV Ue TV egapuoyy KAA. HITXZA, 1
omolo osrotehel To povadird aveEdotro Todyovra

Adrenaline has remained the drug of choice in CA,
according to the American Heart Association guidelines
on CPR since 1973. Its action is dose-dependent in
doses varying from 0,045 to 0,2 mg/kg (Brown et al
1988). The mechanism by which adrenaline raises CPP
is via systemic peripheral vasoconstriction. Thus the
peripheral vascular tone is maintained and vascular
collapse is prevented. These effects are necessary in
order to maintain adequate blood supply in the coronary
and brain vessels (Varon et al 1998). However, the
benefits of adrenaline versus placebo have not been
proven in any clinical trial (Zhong et al 2005).

Unfortunately, adrenaline has significant adverse
effects, which can be deleterious for the myocardium.
These adverse effects have been associated with its beta-
adrenergic affects, which augment oxygen myocardial
consumption and post-resuscitation myocardial
dysfunction (Ditchey et al 1988) (Ditchey et al 1994).
Adrenaline also increases the occurrence of ventricular
arrhythmias and decreases survival in animal models.
Even if there is sufficient proof that adrenaline increases
ROSC, there is no satisfactory evidence that it increases
meaningful survival (Tang et al 1995).

It is extremely difficult to simulate the real
circumstances of SCD in humans, where CAD plays a
vital role in the metabolic changes in the myocardium
(Escobedo and Zack 1996). It is extremely difficult to
simulate the real circumstances of SCD in humans,
where CAD plays a vital role in the metabolic changes
in the myocardium (Link et al 1998) and epicardial
pacing with the use of a pacemaker wire, through a
central vein.

Concerning ways of inducing cardiac arrest, the
pacemaker wire has been more extensively used. From
a literature search in 76 experimental papers, 52 used
epicardial induction of VF. Transdermal pacing, with
the use of an external defibrillation and commotio
cordis, requires close synchronization of the external
electrical apparatus with the electrocardiogram, as
induction of cardiac arrest mainly depends on the R-on-
T phenomenon (Herweling et al 2005) (Link et al 2003).
Prior studies suggest that various modes of VF
induction may initiate VF by different electrophysio-
logical mechanisms (Shibata et al 1988) (Chen et al
1988). Furthermore, VF induction with the use of
premature stimuli has been attributed to re-entry
mechanisms (Chen et al 1988) (Bhandari et al 1998).

For experimental induction of cardiac arrest,
different electrical devices were used, such as direct
connection to alternating or direct current (Bayly et al
1993) (Studer et al 2002). However, this connection
could involve potential dangers for the researchers,

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAX 2007, 58(3)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2007, 58(3)



242 ©.EZANOOZ, E. MITAZIAKOY, A. TTATIAAHMHTPIOY, E. KOYAOYNA, IT. AEAOBAY, A. TIAITTAAHMHTPIOY

emTuyovg KAA, €xelL ouyroIioLeS TLLES OTO XOLOO ROl
otov avOpwmo. Amd Tig LEYQL OUEQN TQOTELVOUEVES
ueB6dovg merpauatxtic mTedxAnong KM, n egapuo-
00eloa 010 £QYAOTHOLE HOg amd TNV €QEVVITLRY WOG
owdda (e THV ®OWT| ETAVOQPOQTILOUEVH UITOTOQI0L AL-
Blov amodelyBnre Wiaitepa amoteheouaTiny o €0-
xonom. J

although there are no recorded incidents of electro-
cution from experimental research. The ordinary
lithium battery seems safer and extremely efficient in
inducing cardiac arrest. The mechanisms by which VF
is induced, using the ordinary lithium battery, are similar
to the delivery of the low-energy T wave shock, using
electrical current. To our knowledge, there are no
experimental studies that induced VF with an ordinary
rechargeable lithium battery.

5. CONCLUSIONS

Swine is a suitable model of CA and CPR. CPP,
which is the only real prognostic factor of successful
resuscitation, is comparable to swine and humans. From
all the methods of experimental induction of CA, the
ordinary lithium battery is effective and easy in use. 1
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